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ABSTRACT 
Abstract of a Dissertation submitted in partial fulfillment of the requirement 
for the Degree of B. Ag. Sci (Hons) 
An evaluation of cocksfoot/lupin pasture as an alternative forage for high 
country environments relative to a lucerne control 
By 
Timothy Keith Reynolds 
The aim of this study was to evaluate the animal and herbage productivity of a perennial 
lupin/cocksfoot pasture mix when compared with a lucerne pure sward positive control in 
a summer dry environment, at Lincoln University, Canterbury. The lupin/cocksfoot and 
lucerne pastures were sown on the 5th of December 2013. Only outcomes from the third 
growth season (1 July 2015 - 30 June 2016) of the trial are discussed within the current 
study. The pastures were rotationally grazed by mixed breed ewe hoggets in the early 
spring-summer (3 September - 11 March) and then swapped out for Coopworth stud ewe 
lambs in the autumn of 2016 (17 March - 20 May). The lupin/cocksfoot mix produced 50% 
as much sheep liveweight as the 1347 kg/ha from lucerne annually. This was due to fewer 
grazing days, a lower stocking rate and weak evidence of lower average annual daily 
liveweight gain. Lupin/cocksfoot relative to lucerne, grazing days were 75% of 5101 days, 
a stocking rate of 74% of the 20.2 head /ha, and 66% of the 264g of average annual daily 
liveweight gain that the lucerne provided. The cocksfoot/lupin total annual herbage yield 
was far lower, the mix provided only 34% of the 10,400 kg DM/ha that the lucerne 
produced. The lupin/cocksfoot had a lower annual average daily herbage dry matter 
allowance and daily apparent intake. The mix allowed 80% of the 2.5kg dry matter 
produced by the lucerne pasture per head per day. Of the dry matter produced, the sheep 
on the mix only grazed 69% of the 1.6kg dry matter that appeared to be grazed by the 
lucerne pasture per head per day. The higher proportion of pasture legume in the lucerne 
pasture gave overall higher pasture quality. Crude protein levels were on average 0.56 
lower in the lupin/cocksfoot herbage mix than the 24% crude protein from the lucerne. 
3 
 
The energy content of the pasture was very similar with both pastures having a 
metabolisable energy content around 10.6 MJ ME/kg DM. The pre-grazing pasture legume 
fraction in the lucerne was consistently 90%, while the lupin/cocksfoot mix had only around 
10-12%. The proportion of pasture legume in the mix is the main point of interest and was 
a driver for both animal liveweight production and herbage production values. This study 
has shown that when put under a lucerne type grazing regime, perennial lupin in a pasture 
mix with cocksfoot produces similar outcomes to that of other cocksfoot clover mixtures. 
Keywords: Russell lupin, Lupin polyphyllus, cocksfoot, Dactylis glomerata, lucerne 
Medicago sativa, dryland, sheep liveweight gain, grazing preference, nutritive value. 
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1 INTRODUCTION 
New Zealand hill and high country land is inherently hard to farm due to harsh 
environmental conditions and low productivity generally only allowing low input systems 
to survive. Dryland high country farming has a number of environmental limitations; low 
temperatures and highly variable annual rainfall. The pastures utilised in these areas must 
be tolerant of long cold winters, and hot dry summers. They must have a maximum growth 
period which lines up with the occurrence of lambing to provide pasture for lactating ewes 
and an environment which provides shelter for the lambs from the harsh conditions. In 
some areas, lucerne (Medicago sativa) has been found to be a proven high performer in 
such dryland farming systems. The key characteristics which provide this are its deep tap 
roots, and growth from buds at the crown of the plant. The use of lucerne however, has its 
own set of complications. Lucerne is not tolerant of the high exchangeable aluminum 
concentrations caused by low soil pH in this zone, which directly impacts the persistence 
of lucerne, with some stands not lasting more than three years. Application of lime in 
attempts to correct soil pH is possible but is often difficult or uneconomic (Moir and Moot, 
2014). The Russell lupin has been seen flourishing in this same high country environment 
seemingly unaffected by the aluminum concentrations. It is observed persisting unaided in 
the harsh conditions of Central Otago near Lake Tekapo. Initial unpublished, on-farm trials 
have validated its persistence and investigated its potential for implementation under a 
standard grazing regime. These were the first tests of Russell lupin (Lupinus polyphyllus) as 
a potential legume alternative to lucerne. The early work on the Russell lupin was done by 
Dr. David Scott; determining the potential of Russell lupin for the high country, and its value 
for animal liveweight production (Scott, 1989; Scott et al., 1994; Scott and Tesfaye, 2000). 
Kitessa (1992) evaluated the nutritional value of Russell lupin for sheep finding that lupin 
can provide levels of herbage production similar to that of lucerne (7-7.4 t/ha) and that 
farmers could leave it as a standing crop late in the season without marked loss of quality. 
Pasture establishment within this high country zone is an issue and investigations by Ryan-
salter et al. (2014) of Russell lupin rhizobia status and effectiveness found that Russell lupin 
became infected by Group  G Bradyrhizobia in all 23 trial sites tested which had what were 
to be assumed fully functioning pink dinitrogen fixing nodules. Alongside this, a sowing rate 
of 8-12 kg/ha for best herbage yields was determined (Moot and Pollock, 2014; Ryan-salter 
9 
 
et al., 2014). When sowing with companion grasses, they must also be persistent. 
Cocksfoot (Dactylus glomerata) was chosen for the current trial due to its persistence in 
low fertility, cold environments and fibrous root network providing some drought 
resistance.  
Russell lupin has been proven to be persistent in this environment (Ryan-Salter et al., 2013; 
Moot and Pollock, 2014; Scott, 2014). However there is limited information on the relative 
nutritional value of perennial lupin containing pastures and how this relates to animal 
productivity. This review of literature identifies the nutritional value and herbage 
production of the perennial Russell lupin and quantifies resultant animal liveweight gain 
response to pastures containing perennial lupin as the dominant legume species.  
The aim of this study was to further investigate and reinforce prior studies of perennial 
lupin as an alternative pasture legume within a dryland farming system. Specific questions 
of the study were: 
 What are the animal production values of young sheep on a pasture mix of 
perennial lupin and cocksfoot pastures compared with a pure sward of 
conventional pasture legume such as lucerne? 
 What effect does season have on animal production values? 
 What are the herbage production values of a pasture mix of perennial lupin and 
cocksfoot pastures?  
 What are the effects of season on the herbage production values? 
 What is the nutritional quality of a perennial lupin and cocksfoot pasture? 
 What are the nutritional quality values of the legume component of the pasture? 
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Figure 2.1Regression of N concentration (y) in Russell lupin stems (y = 3.76 - 0.02x 
P<0.001 R2 = 0.78), petioles (y = 2.95 - 0.052 + 0.0004x2 P<0.001 R2 = 0.74), 
leaves (y = 4.77 - 0.14x P<0.001 R2=0.74) and pods (y = 5.02 – 0.015x, P<0.01 
R2 = 0.73) on harvest time (x, days from the beginning of grazing).  
 
Significant drops in whole plant N% were noted three weeks prior to the beginning of 
flowering and then again three weeks prior to the dry pod stage (Kitessa, 1992). Lucerne is 
similar to lupins in the overall plant N% this is because both have a high plant proportion 
of stems and petioles. Both the lupin stem and petiole N% dropped significantly (3.1% to 
1.5%; and 4.3% to 0.7% respectively) within harvests during October and November (Black 
et al., 2014). Notably the Leaf N% remained high (≥5%) to mid-summer, and then slowly 
declined into mid-winter (≥3%) Figure 2.4. Lupin grazing management could be altered to 
reduce stem development and lignification therefore maintaining a high overall N%.  
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2.1.2 Crude protein 
As an estimate, (Brown and Moot, 2004; Black et al., 2014) described  that crude protein is 
6.25 times the N%. It is important then to note, that even at the lowest mean N 
concentration of 2.42%, the DM contained ≥15% crude protein. Lupin Leaf has a similar CP 
to lucerne, palatable, easily grazed sections of lucerne crude protein was 29% (Brown and 
Moot, 2004), and average whole plant CP of 29.9 and 24.4% (Burke et al., 2002a; Burke et 
al., 2002b)  compared with 25.3% in lupin (Brown and Moot, 2004). Crude protein rises to 
mid spring but then declines later in the autumn. Lupin leaf CP was higher in spring, than 
in autumn 24.4, 27.1 and 24.2% respectively (Hight, 2014) Table 2.2.  Lupin petiole CP was 
higher (P<0.01) during early and mid-spring than in autumn, with a crude protein of 14.7, 
18.8 and 10.8%, respectively (Hight, 2014) Table 2.2.   
2.1.3 Digestible dry matter 
Digestible dry matter (DMD) is the proportion of the pasture which is able to be broken 
down by the rumen microbes within the grazing animal for its nutritional requirements, 
digestibility reduces with maturation, due to an increase in stem components and 
structural carbohydrates. Similar to the decline in N% with harvests, (Kitessa, 1992) found 
the in vitro digestibility of the DM declined slowly, but remained above 55% over all harvest 
periods. While the leaf and pods had high N% and DMD and low NDF concentrations, the 
stems showed the reverse trend. The DMD of leaves, petioles and stems started at 80% in 
October, and leaf DMD stayed at 80% over the rest of the growth season. From October 
onwards, petioles, flowers and following seed pods decreased in DMD to 60-70%, stems 
down to 45-55% and dead material rose to ≥50% during mid-summer then decreased to 
30% during winter Table 2.2. The same trend was found by Hight (2014), that DMD was 
higher for each pasture type in early spring then decreasing into summer. There was no 
difference between the total pre-grazing DMD over the entire growth season of 11th March 
- 20th October for both lucerne and lupin-Cf Table 2.3. 
2.1.4 Acid and Neutral detergent fibre 
Acid detergent fibre and neutral detergent fibre give quantitative measures of the lower 
digestible structural carbohydrates. The NDF consists of hemicelluloses, cellulose and 
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lignin, while ADF consists only cellulose and lignin (Burke et al., 2002b). The NDF of all plant 
parts showed a positive linear relationship over time, however the increase rate varied. 
Whole plant NDF increased about 0.21% per day-1 and reached 46% at final harvest values 
for NDF were 24.1 to 46.2 %. Over plant maturation the NDF altered due to plant 
component proportions changing and also the plant component NDF increasing. Leaves, 
then flowers had lowest NDF concentration, which in both cases increased by less than 5% 
over the whole growth period. Leaves and pods had low NDF concentrations while the 
stems were higher (Kitessa, 1992; Wilson, 2013). The best parameter to estimate whole 
plant NDF concentration was leaf DM to total DM ratio. There was an inverse relationship 
between NDF and leaf DM: total DM; as NDF increases, leaf DM: total DM decreased. This 
accounted for 94% of the total plant NDF variation (Kitessa, 1992). When lupin is compared 
with lucerne the NDF is similar, falling easily within the range of NDF values. Whole plant 
mean NDF over the eight week trial from 19th October to 18th December was found to be 
32.3%. In a separate study, lucerne whole plant mean NDF was found to be 29.5% of forage 
DM (Burke et al., 2002b). One issue with high quality, low crude fibre (ADF+NDF) pastures, 
is the potential negative effects on animal health. When sheep are grazing high quality 
legume crop such as lucerne, it is known that they require a fibre source of some kind, to 
prevent cases of “red gut” or bloat. Bloat symptoms consist of abdominal disorder, 
including discomfort, abdominal distension and recumbency arising from venous 
occlusions (Gumbrell and Jagusch, 1973). Paddocks of weedy lucerne with a higher fibre 
content were found to have reduced cases of rapid lamb deaths due to bloat, and found to 
have overall faster lamb liveweight gain. There has been sufficient evidence to recommend 
that sheep grazing lucerne be supplemented with salt blocks and meadow hay to cover its 
natural low sodium content, and to provide an additional source of fibre. This is especially 
important in early spring when lucerne stand begins fresh growth from the crown and 
consequent hemicellulose and cellulose content of grazed material is lower causing a 
destabilisation of the abdominal viscera (Jagusch et al., 1976; Jagusch et al., 1977). It would 
be prudent to also give sheep an alternative fibre supplement when grazing a high 
proportion of their diet in lupin. The most appropriate system of control, combined with 
grazing management will reduce a high level intake of potentially dangerous material 
without a production loss. As a general rule of thumb sheep should have at least 15% of 
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their diet made up of crude fibre to prevent this from occurring (Lincoln University Farm 
Management Group, 2003). 
2.1.5 Total water soluble carbohydrates 
Water soluble carbohydrates sucrose, glucose and fructose are the soluble non-structural 
carbohydrates of pastures required for rumen microbial activity. Total water soluble 
carbohydrates were found to be consistently low in leaves (1.1-2.3%) across the growth 
season, but highest in the petiole and green stem components (4.5 to 10%). Only flower 
and dead material had slightly lower values than the leaves (Wilson, 2013). The total WSC% 
of lucerne is 4.0-7.3% with a mean of 5.7%.  
2.1.6 Megajoules of metabolisable energy 
The ME value of a feedstuff gives a quantitative value for the available energy content of 
the feed. It is calculated by taking away the sum of the energy left in undigested feed, 
methane (belched) and urine, from the total energy of the feed that was consumed. Kitessa 
(1992) stated that the majority of the Russell lupin plant the leaves and the petioles 
maintained their quality (12.2-12.8 MJ ME/kg DM) across all harvest periods. Later three 
weeks prior to full bloom the quality of the stem and petioles reduced (13.2-3.8 MJ ME/kg 
DM and 10.1-5.8 MJME/kg DM, respectively) Table 2.1. Hight (2014) confirmed the work 
of Kitessa finding the ME content of lupin petiole was higher (P<0.01) during early and mid-
spring than in autumn with an ME of 12.6, 12.3 and 10.2 MJ/kg DM respectively. No 
significant changes in stem ME were mentioned Table 2.1. The ME value for fresh lucerne 
is similar to lupin falling in the range of 7.8 to 11.6, but the higher end would be more 
representative of what the sheep eat as it is the palatable fraction (Brown and Moot, 2004). 
Dried stored lucerne hay ME was found to be 10.0 to 10.9 (Burke et al., 2002a; Burke et al., 
2002b). 
2.1.7 Grazing Management 
Grazing management can be used as a strategic tool for affecting the nutritive value of 
pastures. Pastures that are kept short in the vegetative phase, with little stem and dead 
matter generally have a higher quality, and have more readily digestible components. The 
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leaf DM being consumed by day four of grazing. Petioles were grazed secondly, with feed 
intake feed disappearance rate plus composition. 
 
 
 
Figure 2.3 Average disappearance of botanical components, an indicator of grazing 
preference, of lupin-cocksfoot pastures grazed by Coopworth hoggets within 
one paddock (paddock 2) over a grazing period of 7 days in spring (22 
September - 29 September 2014) at Lincoln University, Canterbury. From Hight 
(2014). 
 
The lupin component of the pasture in Figure 2.3 appears to be grazed far slower than in 
the work by (Kitessa, 1992), however it is not easy to compare with different measures 
being used. It is obvious that the lupin green leaf is the first preferred and had the most 
change in DM of the lupin components to be eaten. 
Acceptability of feed material over a grazing event- view the change in the components of 
the sward. Similar to the work that I did- not much results!! This is a small intro for where 
the current experimental work will somewhat fill out the knowledge gap!  
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of 8 kg, then lost a further 3 kg over the two month summer period where they were 
removed from the lupins. They then gained 7kg in autumn (125g/day) when returned for 
flushing. During lambing 2013, the ewes lost an average of 4.3kg, they maintained weight 
over the summer period, then gained 2.6kg (64g/day) in autumn. During lambing 2014, the 
ewes lost an average of 1.3kg, then gained 1.7kg (63g/day) after the summer spell. This 
provides a three-year average ewe liveweight gain of 84g/day without lambs at foot. 
Following the previous trial in the same location an on-farm trial by Black et al. (2015a), 
found that the lamb liveweight gain on the Russell lupin was 344kg/ha/year. The average 
DM of the lupin crop was 3.0 t DM/ha prior to lambing in October, finally reaching 7.8 t 
DM/ha in December, decreasing back to 3.5 t DM/ha in May.  
In the three year study by Black et al. (2014) the control mob of ewes with lambs on 
adjacent lucerne accrued liveweight gain at higher rates in both age groups. Over the three 
year trial, the lambs at-foot gained 217g/day from 12 December to the 10th of February 
(lambing period), 152 g/day from 14th December to the 18th February, and 194g/day from 
16th December to 19th February in years 2012, 2013 and 2014 respectively. The three year 
average of 188g/day is compared with the lupin where lambs gained on average a 
moderate 146g/day. 
During lambing 2012, the ewes lost an average of 2 kg, then gained 5 kg over the two month 
summer period while removed from the trial control plots. They then gained 9kg in autumn 
(161g/day) when returned for flushing. During lambing 2013, the ewes gained an average 
of 4.0kg, they gained 3kg over the summer period, then gained 4.9kg (120g/day) in autumn. 
During lambing 2014, the ewes gained an average of 3.6kg, then gained 2.6kg (96g/day) 
after the summer spell. The lucerne ewes (without lambs at foot) three year average of 
5.5kg is compared with the lupin ewes (without lambs at foot) which gained an average 
3.8kg. 
Herbage mass is only given for the lupin plots. In October 2012 the average herbage mass 
was 2.7 t DM/ha, rising to a maximum of 7.2 t DM/ha then decreasing to 5.8t DM/ha by 
weaning in February. In September 2013 the average herbage mass was 1.9t DM/ha, rising 
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to a maximum of 8.3t DM/ha in December, but then decreased again to 2.9t DM/ha in 
March.  
Prior to the same study on the same experimental zone (Black et al., 2015b) found that in 
the first year after establishment a pasture mix of perennial lupin and cocksfoot, allowed 
a total liveweight gain of 731 kg/ha on Coopworth ewe lambs and hoggets. The average 
daily gains on lupin-cocksfoot from grazing start to shearing 28th November were 211g/day, 
151g/day from shearing to 18th February, and then to 146g/day to 24th April. The lupin-
cocksfoot pasture herbage yield was 6550 kg DM/ha with a botanical composition of 23% 
perennial lupin and 68% cocksfoot.  
The average daily gains on lucerne from grazing start to shearing 28th November were 
303g/day, 279g/day from shearing to 18th February, and then to 179g/day to 24th April. The 
lucerne herbage yield was 9410 kg DM/ha with a botanical composition of 94% lucerne. It 
was suggested from preliminary results that the sheep had a higher quality of intake on the 
lucerne, eating lucerne leaves before stems, while on cocksfoot the sheep preferred to eat 
the grass component before the lupin legume component. 
From previous years data analysis of the current trial, Black and Ryan-Salter (2016) 
confirmed these preliminary results finding that lucerne greatly out-performed the 
cocksfoot-lupin pasture mix after the establishment year. The lupin/cocksfoot mix relative 
to lucerne in years 1 to 3, gave sheep liveweight gains 54% of 107 kg/ha, 68% of 1134 kg/ha 
and 50% of 1347 kg/ha. Overall this result was due to similar grazing days but slower 
(P=<0.01) average daily liveweight gains.  
The differences in sheep liveweight gains between lucerne and the cocksfoot/lupin mix 
were explained by the herbage intake, the pasture botanical composition and the 
nutritional value.  
The herbage dry matter yields relative to lucerne in years 1 to 3 were 122% of 3520kg/ha, 
64% of 10 230 kg/ha and 59% of 9680 kg/ha. The sheep on the cocksfoot-lupin had lower 
average apparent herbage intake of .5 and .6kg DM/head/day for years 2 and 3 (P<0.001). 
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The lupin component of the pre-grazed cocksfoot/lupin pasture mix approximately halved 
each year from 42, to 22 and then 12% respectively. The lucerne had the reverse trend 
increasing from 76, to 95 and then 98% in years 1-3 respectively. The lupin herbage within 
the mix averaged 98% leaf and petiole and 2% stem and flower compared to the lucerne 
herbage which averaged 60% leaf and petiole, 38% stem and 2% flower. The cocksfoot 
component of the mix was mostly leaf and sheath material and the dead matter content 
of the total herbage was higher for lupin/cocksfoot than for lucerne (P<0.05).  
The nutritional values from total herbage offered to the sheep on lupin/cocksfoot was 
higher in ME (P<0.01) and lower in CP (P<0.001) than the lucerne herbage. The overall 
herbage mass of the legume within each treatment must be considered as there was less 
high ME and CP available to the sheep on the cocksfoot/lupin mix than on the lucerne. The 
sheep on the cocksfoot /lupin were therefore less able to access enough high quality 
forage, potentially lowering their liveweight gain. 
The morphological components of lupin are leaves, petiole, stem, flowers and dead 
material. When the botanical composition was tested by (Black et al., 2014) in December, 
lupin had 42% leaf and petiole, 35% stem, 7% flower, 8% dead matter and 9% other species. 
In February it was found to be 24%leaf and petiole, 36% stem, 1% flower, 10% dead and 
29% other species. Later in April the composition was 22% leaf and petiole, 1%green and 
73% dead, and by May only 4% was leaf and petiole with 87% dead. The outstanding 
component here is the high level of stem in the sward (the latter dead component also 
included mostly dead stem). The relative proportions of feed on offer directly influences 
the nutritional quality of the overall herbage mass. When the plant is high in stem during 
the later summer and autumn period if not hard grazed, stem proportions in the dead 
matter builds lowering the overall pasture nutritional quality.  
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The sheep in both the high country and the low land high fertility zone have been shown 
to put on liveweight gain similar to other cocksfoot clover pastures (Mills et al., 2012) 
within the given zone. There have not been any recorded cases of toxicity in grazing animals 
due to alkaloids within the lupin, meaning that alkaloid content of lupin may not be an 
issue.  
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Table 2.2Dry matter digestibility (DMD), crude protein and metabolisable energy (ME) 
contents of botanical components pre-grazing and total herbage pre- and post-
grazing of lupin-cocksfoot pasture during autumn (11 March – 19 May 2014) 
and spring (5 August – 20 October 2014) at Lincoln University, Canterbury. 
Adapted from Hight (2014). 
Plant component 
DMD 
(%) 
Crude Protein 
(%) 
ME (MJ 
kg/DM) 
Autumn (11 March to 19 May) 
Pre-grazing total 67.3 15.2 10.22 
Post-grazing total 63.1 13.4 9.3 
Early spring (5 Aug to 15 Sept) 
Pre-grazing total 72.1 14.6 11.1 
Post-grazing total 61.6 11.9 9.5 
Mid Spring (15 Sept to 20 Oct) 
Pre-grazing total 71.8 17.7 10.9 
Post-grazing total 64.5 13.1 9.8 
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Table 2.3 Dry matter digestibility (DMD), crude protein and metabolisable energy (ME) 
contents of total pre-grazing herbage of lucerne and lupin-cocksfoot (Lupin-Cf) 
pastures during autumn (11 March – 19 May 2014) and spring (5 August – 20 
October 2014) at Lincoln University, Canterbury. From Hight (2014). 
Pasture DMD (%) Crude Protein (%) ME (MJ kg/DM) 
Autumn (11 March to 19 May) 
Lucerne 69.4 19.7 10.5 
Lupin-Cf 67.3 15.2 10.2 
SED 4.25 2.5 0.3 
P NS NS NS 
Early Spring (5 August to 15 September) 
Lupin-Cf 72.1 14.6 11.1 
Mid Spring (15 September to 20 October 
Lucerne 71.2 19.3 10.9 
Lupin-Cf 71.8 17.7 10.9 
SED 0.84 0.54 0.11 
P NS NS NS 
NS = not significantly different 
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Table 2.4Within-harvest comparison of the mean metabolisable energy of ‘Russell’ lupin 
herbage components at various growth stages from the 5th of October 1989 
to 18th of January 1990 at Lincoln University, Canterbury (adapted from 
Kitessa, 1992).  
 
Plant Component 
  
Harvest 
Date Stem Petiole Leaf Flower Pod Dead Matter 1 L.S.D. 2 C.V. 
MJ ME/kg DM 
Oct-05 13.2 10.1 12.2 - - 2.6 0.05 0.04 
Oct-26 11.5 9.1 12.8 11.4 - 4.2 0.07 0.05 
Nov-16 7.1 7.1 12.4 12.2 - 7.5 0.04 0.11 
Dec-07 5 6.9 12.5 12.2 11.8 5.2 0.07 0.05 
Dec-28 4.4 6.9 12.6 11.9 8.1 4 0.06 0.05 
Jan-18 3.8 5.8 12.2 - 6.5 4.5 0.17 0.15 
1L.S.D.=Least significant difference at P < 0.05. 2C.V.= Coefficient of Variation (%) 
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Figure 2.5 Dry matter digestibility (DMD) of ‘Russell’ lupin herbage components collected 
between 11th of October 2012 and 22nd of May 2013 from Sawdon Station, 
Lake Tekapo in Canterbury (Wilson, 2013). 
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Figure 2.6 Daily liveweight gain (g/day) of young Merino wethers set stocked on 
perennial lupin, red clover and alsike. Mean of 5 years. Least significant 
difference assuming independence of measurement in each period. From 
(Scott et al., 1994) 
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Figure 2.7Live weight changes of Merino ewes and lambs grazing on perennial lupins 
compared with lucerne and clover-based pastures (control) on Sawdon 
Station. Maximum standard errors of means are given.  
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divided by annual grazing days. The ‘core’ animals from each plot were used to calculate 
predicted daily sheep liveweight gain models.  A linear model was used in spring as they 
generally described sheep weight gain per unit time better than quadratic models. This was 
reversed for summer and autumn, where the quadratic model generally described the 
liveweight gain over time better than linear models, with the slowing rate of the liveweight 
gain per unit time.  
Herbage mass was measured in each of the 30 small paddocks each day the sheep were 
shifted and every 2-3 weeks in winter. For each paddock sheep were to be moved into, and 
for each paddock sheep were to be taken out of, herbage mass was estimated by cutting 
one or two 0.5 m
2 
quadrats to 1-2 cm above ground level using battery-powered clippers, 
and drying the cut samples for 2 days at 70°C in a force-draft oven. To estimate the DM 
content and botanical composition of the herbage on offer, each pre-grazing sample was 
weighed fresh and a subsample was separated into leaves plus petioles, stems and flowers 
of the sown legume, leaves plus sheaths and stems of cocksfoot, weeds and dead matter, 
before drying. For the other paddocks, herbage mass was estimated using a sward stick 
(Jenquip, Feilding, New Zealand) calibrated for each pasture type and for each regrowth 
interval using the pre- and post-grazing herbage mass data. If a paddock was mown after 
the sheep were taken out, its herbage mass was measured again immediately after mowing 
using the above methods.  
Herbage yield was calculated as the change in herbage mass of a paddock since the 
previous measurement, assumed to be zero when the paddock was being grazed. Herbage 
allowance was pre-grazing herbage mass × the area of the paddock (0.052 ha) divided by 
the number of sheep and the number of days in the paddock. Apparent herbage intake was 
pre-grazing herbage mass minus post-grazing herbage mass × 0.052 divided by the number 
of sheep and number of days.  
The nutritional value of the herbage offered to the sheep was estimated by grinding the 
dried pre-grazing samples and analysing them for metabolisable energy (ME) and crude 
protein (CP) by near infrared reflectance spectroscopy (NIRS). This method required 
calibration of the NIRS system for perennial lupin (Jiang et al., 2014) As the lucerne was 
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divided into components of leaf plus petiole and stem, where the lupin was divided 
separately into leaf and petiole, a fair representation of the legume fraction ME and CP% 
for each pasture type was required. The forage quality values were determined through a 
weighted mean. Of the total pasture legume DM sub sample; the lupin leaf percent was 
multiplied by ME value of lupin leaf, plus the lupin petiole percent multiplied by the ME 
value for lupin petiole. 
Soil moisture content was measured in one paddock (Paddock 2) per plot each day the 
sheep were shifted and every 2 weeks in winter. It was measured in the top 0.2 m using a 
time domain reflectometer (Trace System, Soil Moisture Equipment, USA) and at 10 cm 
layers from 0.2 m to 2.3 m depth using a neutron probe (Troxler, USA). The first readings 
for trial year 3, were taken on 14 July 2016.  
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4 RESULTS 
The lupin/cocksfoot mix produced 50% as much sheep liveweight as the 1347 kg/ha from 
lucerne annually (Table 4.1). The lupin/cocksfoot mix had fewer grazing days (P=0.003), the 
mix allowed 75% as many total grazing days, of the average 5101 grazing days that the 
lucerne gave annually. The average stocking rate on the cocksfoot/lupin mix was also 
lower, 74% of the 20.2 head/ha that lucerne could accommodate annually. There was also 
some weak statistical evidence to suggest that the cocksfoot/lupin average annual daily 
liveweight gains were slower (P=0.060). Cocksfoot/lupin allowed 66% of the 264g average 
annual daily liveweight gains gained by lucerne.  
 Table 4.1 Liveweight yield (LWY), grazing days (GD), annual average daily liveweight gain 
(ADLWG) and annual average stocking rate (AASR) of young sheep grazing on 
a perennial lupin/cocksfoot pasture mix compared to lucerne over trial year 3, 
under dryland conditions at Lincoln University, Canterbury.   
 
  
LWY                     
(kg/ha)
GD          
(sheep*days/ha)
AADLWG     
(g/head/day)
AASR    
(head/ha)
Lupin/cocksfoot 674 3847 175 15.0
Lucerne 1347 5101 264 20.2
P value 0.033 0.003 0.060 0.002
SED 125.1 63.5 22.6 0.25
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Figure 4.1 Mean liveweight yield (kg/ha) of sheep grazing perennial lupin/cocksfoot 
pasture mix compared to lucerne, over trial year 3, at Lincoln University, 
Canterbury (SED 125.1, P=0.033). 
 
The accumulation of mean liveweight yield for cocksfoot/lupin mix occurred at a slower 
rate than the lucerne until the end of November where a seasonal shift in the liveweight 
yield occurred. The liveweight yield accumulation changed at this point, with both pasture 
types accumulating mean liveweight yield slower, but the cocksfoot/lupin had a slightly 
slower rate of accumulation than the lucerne. The difference between the mean liveweight 
yields of the two pastures became apparent by 2nd February. The third section of the 
growth season shows a further slowing of the liveweight yield in both pastures, almost 
stopping in the rate of liveweight yield gained from both pastures in June.  
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Figure 4.3 Average daily liveweight gain (g/head/day) of core sheep grazing perennial 
lupin/cocksfoot pasture mix compared to lucerne, in year 3, at Lincoln 
University, Canterbury (SED 22.6, P=0.06). 
 
The average daily liveweight gain of young sheep appeared to be slower on cocksfoot/lupin 
than lucerne pasture. The hoggets were taken off both pastures on the 24th of November 
for shearing, and then returned to the pastures on the 25th. The hoggets on the 
cocksfoot/lupin appeared to continue in their average liveweight gain slightly slower than 
those on lucerne until being taken off the pasture in early March. The new ewe lambs then 
grazed the plots in autumn from the 17th March 2016 to the 20th May. 
Table 4.2 Average pre-grazing and post-grazing, herbage height (HT), herbage mass (HM), 
and dry matter percent (DM) of lupin/cocksfoot pasture mix compared to 
lucerne, in year 3, at Lincoln University, Canterbury. 
The annual average pre-grazing height of the cocksfoot/lupin was 58% the height of 
lucerne pasture which was grazed at an average of 30.34cm. The annual average pre-
grazing herbage mass of cocksfoot/lupin was 57% of the 2404 kg DM/ha provided by the 
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Pre grazing Post grazing Pre grazing Post-grazing
HT (cm) HM (kg DM/ha) HT (cm) HM (kg DM/ha) DM (%) DM (%)
Lupin/cocksfoot 17.72 1394 8.8 619 28.5 39.4
Lucerne 30.34 2404 13.17 869 25.8 42.8
P value <0.001 <0.001 <0.001 <0.001 0.065 0.187
SED 1.672 115.5 0.983 63.5 1.44 2.53
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lucerne pasture. There is weak statistical evidence that the pre-grazing average annual dry 
matter content of the lupin/cocksfoot was higher (P=0.065) than that of the lucerne 
pasture. The average annual dry matter content of the two pastures was not different in 
post-grazing (P=0.187). 
Table 4.3 Annual average daily herbage allowance, annual average daily apparent 
herbage intake, and the total annual herbage yield of lupin/cocksfoot pasture 
mix compared to lucerne, in year 3, at Lincoln University, Canterbury. 
 
The lupin/cocksfoot had a lower annual average daily herbage dry matter allowance 
(P<0.001), the mix produced 80% of the 2.5kg dry matter provided by the lucerne pasture 
per head per day. The lupin/cocksfoot annual average daily apparent herbage intake was 
also lower (P<0.001), the mix allowed only 69% of the 1.6kg dry matter provided by the 
lucerne pasture per head per day. The cocksfoot/lupin total annual herbage yield was far 
lower (P=0.008), the mix providing only 34% of the 10,400 kg DM/ha that the lucerne 
produced. 
 
Daily HA Daily HI Annual HY
(kg DM/head/day) (kg DM/head/day) (kg DM/ha)
Lupin/cocksfoot 2.0 1.1 3600
Lucerne 2.5 1.6 10400
P value <.001 <.001 0.008
SED 0.11 0.08 626.1
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Figure 4.4 Average herbage allowance (kg DM/head/day) of lupin/cocksfoot pasture mix 
compared to lucerne, in year 3, at Lincoln University, Canterbury. 
 
The lupin/cocksfoot gave similar herbage allowance during summer when compared with 
lucerne. The lucerne had higher herbage allowances in the tails of the year, notably 
providing more herbage per animal per day in spring.  
 
Figure 4.5 Average apparent herbage intake (kg DM/head/day) of lupin/cocksfoot 
pasture mix compared to lucerne, in year 3, at Lincoln University, Canterbury. 
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The apparent herbage intake had high spatial and temporal variation. The apparent dry 
matter intake was higher for the much of the year. This was especially evident in the tails 
of the year where the sheep of the lucerne appeared to take in more herbage per head 
than those on the lupin/cocksfoot pasture.  
 
Table 4.4 Average pre-grazing herbage mix metabolisable energy (MJ ME/kg DM), crude 
protein (CP %), nitrogen (N %), neutral detergent fibre (NDF %), water soluble 
carbohydrate (g/kg DM), and post-grazing herbage mix metabolisable energy 
(MJ ME/kg DM), in year 3, at Lincoln University, Canterbury. 
 
Both pastures had a similar pre-grazing water soluble carbohydrate levels, also displaying 
similar pre and post-grazing metabolizable energy levels. The lupin/cocksfoot pasture mix 
had lower crude protein percent and nitrogen percent (P<0.001), the mix had only 0.57 the 
nitrogen content of lucerne which was 3.8%. The crude protein was similarly affected and 
the lupin/cocksfoot pasture mix was 0.57 the crude protein content of the lucerne which 
was 24%. The cocksfoot/lupin pasture mix had higher neutral detergent fibre percent 
(P<0.001), the mix having 21% more neutral detergent fibre than the lucerne which had 
35% NDF.  
 
Post grazing herbage mix
ME CP% N% NDF% WSC
Lupin/cocksfoot 10.7 13.6 2.2 56 116.8
Lucerne 10.5 24.0 3.8 35 98.6
P value 0.4 <.001 <.001 <.001 0.16
SED 0.24 1.10 0.18 1.5 12.29
0.070
0.83
Pre grazing herbage mix
ME
9.6
5.3
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Figure 4.6 Pre-grazing and post-grazing herbage mass (kg DM/ha) of lupin/cocksfoot 
pasture mix compared to lucerne, in year 3, at Lincoln University, Canterbury. 
 
The lupin/cocksfoot pasture mix had a lower pre-grazing herbage mass than the lucerne 
for the entirety of the period that it was being grazed. There was far lower herbage mass 
in the cocksfoot pasture in early to mid-spring but the herbage masses became similar 
during autumn. 
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Figure 4.7 Stocking rate (sheep/ha) of lupin/cocksfoot pasture mix compared with 
lucerne, in year 3, at Lincoln University, Canterbury.  
 
The stocking rate was lower for the lupin/cocksfoot pasture for much of the year. The 
stocking rate was only equal in autumn when there was a water and temperature limitation 
allowing only two sheep per paddock.  
 
Figure 4.8 Average pre-grazing dry matter percent (%) of lupin/cocksfoot pasture mix 
compared to lucerne, in year 3, at Lincoln University, Canterbury. 
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Figure 4.9 Species composition of lupin/cocksfoot pasture mix (A) compared with lucerne 
(B) as a percentage of total dry matter (%), in year 3, at Lincoln University, 
Canterbury. 
 
The lupin/cocksfoot pasture mix displayed high temporal and spatial variation. Cocksfoot 
was the dominant pasture species. Lupin varied greatly in its percentage of total pasture 
dry matter. There was minimal weed ingress during the growth period however weed 
percentage increased during February.  
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Figure 4.10 Botanical composition of lupin (A), and lucerne (B) as a percentage of total 
pasture legume dry matter (%), in year 3, at Lincoln University, Canterbury. 
 
The annual average lupin leaf percentage of lupin dry matter was around 80%, far higher 
than that of the lucerne pasture, where the lucerne leaf was around 60% of the total 
lucerne dry matter. Both the lupin and lucerne trended slightly upward from early spring 
into summer but had a check in the leaf percent, resulting in higher petiole or stem 
components during February and March. There was only very small inconsistent quantities 
of stem and flower so was left out of analysis. 
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Table 4.5 Pre-grazing leaf and petiole, weighted average metabolisable energy (MJ 
ME/kg DM) and crude protein (%) of lupin/cocksfoot pasture mix compared 
with lucerne, in year 3, at Lincoln University, Canterbury. 
 
The pre-grazing ME was the same the lucerne leaf and petiole as for the weighted average 
lupin leaf and petiole ME. The lupin crude protein however was markedly lower (P=0.001), 
the lupin giving only .70 of the 30.6% crude protein of the lucerne. 
 
Figure 4.11 Disappearance of herbage mass (kg DM/ha) from lupin/cocksfoot pasture mix 
compared with lucerne during a singular, two week grazing event, between 
the 14th and 27th of April 2016 at Lincoln University, Canterbury. 
Both pastures began the grazing period at very similar levels of herbage mass, 860 and 881 
kg DM/ha for the cocksfoot/lupin and lucerne respectively. The overall intake of dry matter 
was the same for the first four days. From the fourth day of grazing onwards, the sheep in 
the cocksfoot/lupin pasture took in less pasture than the sheep on the lucerne. Within the 
grazing period the sheep on the cocksfoot grazed down to 580 kg DM/ha, where the sheep 
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on the lucerne had an intake 2.2 times larger taking the herbage mass down to 260 kg 
DM/ha. 
 
 
Figure 4.12 Botanical component disappearance; from lupin/cocksfoot pasture mix 
cocksfoot leaf (CL), lupin leaf (LL), lupin petiole (LP) and dead matter (D) (panel 
A),; compared to lucerne pasture (panel B) which consisted of, leaf plus petiole 
(LL+ LP), lucerne stem (LS) and dead matter (D), from lucerne pastures (panel 
B) during a singular two week grazing event, between the 14th and 27th of April 
2016 at Lincoln University, Canterbury. 
 
The sheep on the lupin/cocksfoot initially grazed the green cocksfoot leaf more per day 
shown by the faster decrease in slope over time. The lupin leaf was also preferred but the 
grazing pressure on the leaf was slightly lower than cocksfoot leaf. There was also low 
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levels of grazing on the petiole which was not preferred, with a steady rate of decline over 
time. The sheep on the lucerne primarily selected the lucerne leaf and petiole and grazed 
these components very hard initially. Dead matter appeared to increase during the grazing 
period.  
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5 DISCUSSION 
The lupin/cocksfoot mix produced half as much sheep liveweight as the 1347 kg/ha from 
lucerne annually. This was due to fewer grazing days (P<0.01), a lower stocking rate and 
weak evidence of lower average annual daily liveweight gain. The annual liveweight gain 
of sheep on lucerne pasture was higher than that from the cocksfoot/lupin mix (Table 4.1). 
Liveweight gain accumulation was different from lucerne and cocksfoot/lupin over time, 
and is roughly divided into three periods which were defined by the seasons. The two 
different slopes in the graph of liveweight gain occurred during spring until the end of 
November Figure 4.1 which occurred while there was sufficient moisture in the soil which 
for both pastures was readily accessible. After the seasonal shift at the end of November 
there was still an increase in the accumulation of liveweight for both pastures, but lucerne 
gained at a faster rate than that of the cocksfoot/lupin. This indicates that the 
cocksfoot/lupin had slower individual liveweight gains than the lucerne. This may be due 
to a slightly higher herbage allowance, but was also correlated with higher feed quality. 
There was a final seasonal shift around mid-March to slower liveweight accumulation rates. 
It was hard to distinguish a difference in the rates of liveweight gain of the two pastures 
during this period. This was due to colder temperatures and low soil moisture during 
autumn. 
The grazing days followed similar trends to the overall accumulation of liveweight gain 
Figure 4.2. There were again three distinct periods affected by the season. The initial rate 
of accumulation of grazing days of cocksfoot/lupin was slower than the lucerne, during the 
spring period, when water was non-limiting to growth. The grazing day accumulation rate 
changed around the end of November, with both pastures accumulating grazing days 
slower after that point. The accumulation rate of grazing days on the cocksfoot/lupin 
pasture was slower than that of the lucerne from the end of November to March, this was 
due to low soil moisture during this period. The third section of the growth season shows 
the same accumulation rate of grazing days in both pastures going into winter, which was 
due to the same number of stock per plot throughout the autumn period. The overall lower 
accumulation of grazing days for both pastures during the third period was due to both, 
soil moisture and temperature limitations.  
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There was weak statistical evidence suggesting that the daily liveweight gain of core sheep 
on the cocksfoot/lupin pasture was lower (P=0.06) than lucerne Figure 4.3. It could be 
suggested that for the period that the CPT hoggets were on the plots (3rd of September to 
the 11-14 March), the average daily liveweight gain of the core sheep on lucerne was lower 
than those on cocksfoot/lupin pasture. The hoggets were taken off both pastures on the 
24th of November for shearing, it is at this point that the hoggets drop in liveweight gain. 
This drop is due to the fleece weight coming off, but also to a drop in gut-fill, shearers 
require emptying out of the sheep before shearing. For both pastures, the post-shearing 
rate of average daily liveweight gain paralleled the pre-shearing rate, showing that the 
sheep on the cocksfoot consistently gained weight slower than those on the lucerne. There 
would have been some impact of the sheep age on the average daily liveweight gain of 
both pastures during summer, as the hoggets were closer to their mature adult weight, 
and would have caused a slowing of the average daily liveweight gains. The latter drop was 
due to the change in stock class from two-tooths to the new ewe lambs.  
The annual average pre-grazing height of the cocksfoot/lupin was 58% the height of 
lucerne pasture which was grazed at an average of 30.34cm (Table 4.2). These differences 
were due to the morphology of the lucerne, being an erect stemmy plant, had a higher pre-
grazing height than the lupin/cocksfoot pasture mix. The taller post grazing height may 
have been due to the measurement of the residual stem material which included some 
green leaves. The annual average pre-grazing herbage mass of cocksfoot/lupin was 57% of 
the 2404 kg DM/ha provided by the lucerne pasture. The average annual dry matter 
content of the two pastures post-grazing was not different (Table 4.2). 
The lupin/cocksfoot had a lower annual average daily herbage dry matter allowance, the 
mix produced 80% of the 2.5kg dry matter provided by the lucerne pasture per head per 
day Figure 4.3. The lupin/cocksfoot annual average daily apparent herbage intake was also 
lower, the mix allowed only 69% of the 1.6kg dry matter provided by the lucerne pasture 
per head per day. As these two figures are closely related, the differences between the two 
pastures were mostly due to the lower herbage dry matter production of the 
lupin/cocksfoot and the higher quality of the lucerne. The lupin/cocksfoot (P<0.001), mix 
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was only 57% of the 2404 kg DM/ha average pre-grazing herbage mass that the lucerne 
produced annually Table 4.2.  
There was high spatial and temporal variability of both the herbage allowance and the 
herbage intake. Herbage allowance and intake are driven by the herbage production of 
the pasture, therefore the average herbage dry matter allowance and apparent intake 
from the lupin/cocksfoot over time, was lower than the lucerne. Both the herbage 
allowance and intake were lower in the tails of the year, for the lupin/cocksfoot than that 
of the lucerne, but were notably different in spring. The cocksfoot/lupin total annual 
herbage yield was far lower (P=0.008), the mix providing only 34% of the 10,400 kg 
DM/ha that the lucerne produced. The difference between the herbage yield of 
lupin/cocksfoot pasture mix and lucerne is like that of other clover/cocksfoot pastures, 
when under similar conditions at Lincoln University (Mills et al., 2015).  
The energy content of the pasture was very similar with both pastures having a 
metabolisable energy content around 10.6 MJ ME/kg DM. The quality of the pastures 
differed, lupin/cocksfoot pasture mix had 57% the crude protein and nitrogen of the 
lucerne. The crude protein was directly influenced by the nitrogen content. The lower 
NDF%, and lower DM% of the lucerne herbage allowed a higher consumption. 
The annual trend of the pre-grazing herbage mass was due to the differences in the 
signature growth periods for each pasture type. The lupin/cocksfoot had a somewhat 
consistent pre-grazing herbage mass trend over time, when compared with lucerne, but it 
dipped slightly to around 1300kg DM/ha during mid-summer and then again to around 
750kg DM/ha in autumn. The lucerne showed a highly seasonal growth pattern, with high 
pre-grazing herbage of around 3000 kg DM/ha masses during spring (Figure 4.6). In 
autumn when there was a water and temperature limitation the herbage mass 
production from the lupin/cocksfoot pasture was like that of lucerne. 
The stocking rate of the lupin/cocksfoot pasture was lower than that of the lucerne 
pasture. The stocking rate over the grazing season follows the trend of the pre-grazing 
herbage mass. This was due to the ‘put and take’ method of managing the herbage mass, 
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the lucerne produced more pre-grazing herbage mass Figure 4.6 than the lupin/cocksfoot 
pasture and so could support more sheep per hectare.  
Some paddocks had very high levels of lupin, which is shown by the spikes in Figure 4.9. 
The lupin component of the cocksfoot/lupin mix overall was a far smaller proportion of 
pasture legume than in the lucerne pasture. Lucerne dry matter was not lower than 90% 
of the total pasture DM throughout the whole growth season. During the rotation of 
sheep within section breaks of their assigned paddock, there was spatial variation in the 
total amount of lupins within the paddock. This has led to distinct differences in the 
amount of lupin measured. There were also temporal differences in the measurement of 
the lupins, with a slight decrease in the lupin percent during mid-summer where the 
weed content in the pasture increased to around 10%. The current trial was in its third 
year and so could have had the potential for ingression of weeds with a loss of the sown 
pasture species. It was shown that both pastures even under water stress had a good 
level of weed suppression. The very high pasture legume content meant that the nitrogen 
supply through biological dinitrogen fixation was not limited. The higher proportion of 
pasture legume in the lucerne pasture means that overall the pasture quality is higher. 
This meant that the crude protein levels were on average 176% higher in the lucerne than 
lupin/cocksfoot. The sheep on the lucerne were given a higher daily herbage allowance, 
they had higher herbage intake and it was of higher quality.  
The plant morphology of Russell lupin was different to lucerne; when ratios of higher 
quality leaf proportion to the lower quality stem or petiole were compared (Figure 4.10). 
The legume fraction of the lupin/cocksfoot pasture has higher leaf to petiole ratio when 
compared that of the leaf to stem ratio of lucerne. The lupins had consistently higher levels 
of green leaf which was around 80%, when compared with the near 60% green leaf fraction 
of lucerne. The grazing management of the current study was of frequent defoliation, 
similar to a typical lucerne grazing regime. The maximum two week grazing period within 
each paddock did not allow the lupin to produce much stem at all. The herbage was kept 
in its vegetative stage, producing green leaf and petiole and did not produce regular 
measurable quantities of stem or flower. This contrasted with the work by (Kitessa, 1992; 
Wilson, 2013) where there was a high level of stem component in comparison to quantities 
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of green lamina or petiole. The pasture was spelled for longer periods, until flowering and 
sometimes pod set, so would explain the differences in plant component proportions. 
Despite the lupin having a higher proportion of plant components leaf to petiole when 
compared with that of lucerne leaf to stem, the sheep grazing the lucerne were given a 
legume dominant feed. This meant that they had ready access to the higher quality pasture 
legume (Error! Reference source not found.) that they would preferentially feed on. The 
sheep on the lucerne were given a higher quality  herbage, which allowed for a higher daily 
herbage allowance, also a higher herbage intake and it was shown in a singular grazing 
event that apparent intake was higher. This is shown in Error! Reference source not found. 
where the sheep on the cocksfoot grazed down to 580 kg DM/ha, where the sheep on the 
lucerne had an intake 2.2 times larger grazing the herbage mass down to 260 kg DM/ha.  
The sheep on both pastures preferentially grazed the highest quality components of the 
pasture first. This is shown in Figure 4.12 where the cocksfoot green leaf and the lupin leaf 
were consumed first. There was some grazing of the lupin petiole but as it was a far smaller 
proportion of the total pasture legume DM. Dead matter appeared to increase in both 
pastures during the grazing period but this would be due to an increased selection of dead 
material as it became a higher proportion of the DM on offer. 
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6 CONCLUSIONS 
This study has evaluated the animal responses from young sheep grazing a Russell 
lupin/cocksfoot pasture mix, and identified herbage quality and quantity characteristics 
when compared to lucerne pasture for use as an alternative forage. Specific conclusions 
from the study were: 
1. The lupin/cocksfoot pasture mix resulted in half as much sheep liveweight gain 
as the 1347 kg/ha from lucerne annually.  
2. Lucerne out-performs other grass and legume mixes in terms of animal and 
herbage production when sown in optimal conditions, on moderate pH, and 
moderate fertility soil.  
3. Russell lupin is a low input pasture legume that has a tolerance of low fertility-
acidic soils, and when combined with cocksfoot can allow a similar animal 
production of a cocksfoot/clover mix. 
4. The antiquality issues from the alkaloids of Russell lupin do not adversely 
affect liveweight production, or animal grazing preference from a 
lupin/cocksfoot pasture mix and sheep will graze lupins as they would any 
other pasture legume included in a mix with cocksfoot. 
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